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THURSDAY, DECEMBER ir, 1890. 


A CURE FOR TETANUS AND DIPHTHERIA. 

T HE greatest interest has been aroused in scientific 
circles in Berlin by a paper in the current number 
of the Deutsche medicinische Wochenschrift 1 by Behring 
and Kitasato. These well-known bacteriologists, who 
for a long time past have been working in Dr. Koch’s 
Hygienisches Institut, have not only succeeded in pro¬ 
ducing immunity against diphtheria and tetanus, but also 
in curing animals already infected by these diseases. 
Their results are to a great extent self-explanatory, and 
there is every reason to expect that the same method will 
be found to be applicable to other infectious diseases. 
The most remarkable part of their discovery is the fact 
that the blood of an animal that has been made immune 
against diphtheria possesses the extraordinary power of 
destroying the poison formed by the microbe of this 
disease. This power is also possessed by the serum of 
such an immune animal, which serum can therefore be 
used as a curative means on other animals that are 
suffering from this disease. The same statement holds 
good for tetanus. 

Before describing in detail these interesting results, 
it will be well to give a short historical review of 
some recent bacteriological work which can be regarded 
as having led up to this discovery. 

Towards the end of 1888 Nuttall, 3 working in Flugge’s 
laboratory at Breslau, discovered that various bacteria 
are destroyed when mixed with fresh blood or blood- 
serum, and further that this destruction cannot be as¬ 
cribed to the action of cellular elements, but rather to the 
fluid part of the blood. This discovery (which really 
arose from the German criticism of Metschnikoff’s phago¬ 
cyte theory) was soon followed by the work of Buchner 3 
and Nissen 4 on the bacteria-kiiling power of the cell-free 
blood-serum. These authors considered that their work 
necessitated a limitation of the phagocyte theory, and 
suggested a new view of the nature of immunity, whether 
natural or acquired. In other words, they suggested that 
immunity was conditioned by the bacteria-kiiling power 
of the various body fluids rather than by that of any 
particular kind of cell. These opinions were rather 
severely criticised in a paper by Lubarsch 5 that was 
published towards the end of last year. Lubarsch 
emphasized the fact that while the serum of the rabbit— 
an animal extremely sensitive to anthrax, has a great 
power of destroying anthrax-bacilli, horses’ serum has 
no such power, although this animal is comparatively re¬ 
fractory to the disease. Again, while on the one hand such 
eminently pathogenic microbes as the anthrax and cholera 
bacilli are capable of being destroyed by serum from various 
animals, several perfectly harmless microbes find blood- 
serum to be an excellent food-medium. Further, though 

’ No. 49, December 4, 1890, p. nq. “Ueber das Zustandekommen der 
Diphtherie-Immunitat undder Tetanus- 1 mmumtat bei Thieren.” 

* “Experimente tiber die bakterienfeindlichen Einflusse des thierischen 
Korpers” ( Zeitschrift fur Hygiene , vol. iv. p. 353). 

3 “Ueber die bakterientodtende Wirkung <tes zellenfreien Blutserums” 
{Centralblatifur Bakteriologie y vol. v. p. 817, and vol. vi. p. 1). 

4 “Zur Kenntniss der bakterienvemichtenden Eigenschaft des Elutes” 
(Zeitschrift fur Hygiene , vol. vi. p. 487). 

3 “ Ueber die bakterienyernichtenden Eigenschaften des Elutes usid ihre 
Beziehungen zur Immunitat” {Centralblati fur Bakterioloric , voi. vi. 
p. S^a). 
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the serum of the rabbit kills anthrax bacilli in a pre¬ 
eminent degree, the living blood-plasma of this animal 
can only do so to an infinitesimal extent. Such considera¬ 
tions suggested to Lubarsch that the bacteria-kiiling 
power of the blood-serum was a fact rather of the nature 
of an epLphenomenon than an essential factor in the 
conflict between the organism and the microbe. In May 
of this year appeared my own work on “ Defensive Pro- 
teids.” 1 I gave this name to a new class of proteid 
bodies, which I found to possess a bacteria-kiiling power, 
and which I have obtained from the spleens and lymphatic 
glands of various animals. This work has a distinct 
bearing on the foregoing, in that it suggests that the 
bacteria-kiiling power of blood-serum is due to minute 
traces of these substances liberated from the breaking 
down of lymphatic cells. The absence of a bacteria- 
kiiling power from certain kinds of serum (eg. horse) and 
from living blood-plasma (as has been shown for that of 
the rabbit in regard to anthrax), appears to be connected 
with the intactness of the leucocytes in these special 
cases. Further, the fact that I obtained these substances 
from cells which either are, or can become, phagocytes, 
may be taken as an additional proof of Metschnikoff’s 
well-known theory. These substances appear to be 
absent from the normal blood-plasma, or, at any rate, 
only present in such small quantities that they cannot be 
separated from it. With blood of febrile animals, how¬ 
ever, the case is different, and from such blood I have 
been able to isolate a bacteria-kiiling substance. 2 This 
fact appears to indicate that these substances are actually 
used by the organism in its reaction against the attack of 
pathogenic microbes. 

During last summer, while I have been engaged in 
this work, various other papers have appeared, which 
tend to show still more clearly that the bacteria-kiiling 
power of the blood serum (or if my work be accepted, of 
defensive proteids) is of real importance in the produc¬ 
tion of immunity. Bouchard 3 was, I think, the first of 
many authors who have succeeded in showing that the 
bacteria-destroying power of blood-serum from immune 
animals, is greater than that of normal serum. Bouchard 
proved this in the case of bacillus pyocyaneus for rabbits. 
He made the animals immune by injections of sterilized 
culture fluids, and found that serum from such animals 
exerted a far greater “ bactericidal ” action on the microbe 
in question than serum from a normal animal. Behring 
and Nissen, 4 in a paper published in May of this year, 
went a step further. They showed that whereas blood 
serum from an animal made immune against anthrax 
exerted an increased bactericidal action on the anthrax 
bacillus, it showed no increased action on the bacillus 
pyocyaneus. Conversely blood-serum from an animal 
made immune against the latter microbe, had no in¬ 
creased action on the anthrax bacillus, though it ex¬ 
erted a powerful bacteria-kiiling action on pyocyaneus. 
The authors considered that they had proved the ex- 

1 “A Bacteria-kiiling Globulin” (Proceedings of the Royal Society of 
London, vol. xlviii. p. 93), and “ The Conflict between the Organism and 
the Microbe ” ; Part 2, “ On Defensive Proteids ” {British Medical Journal, 
July 12, 1890.) 

2 Indications of a Method of Curing Infectious Diseases.” Read at the 
Leeds Meeting of the British Association for the Advancement of Science, 
September 1890. 

3 “ Sur l’effet des produits secr^tees paries microbes pathogenes” (Paris, 
1890) 

4 “Ueber den bakterienfeindlichen Einfluss von verschiedenen Serumarten ” 
{Zeitschriftfur Hygiene , vol. viii. p. 412). 
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istence of two bodies, each having a specific action 
on one of the two microbes in question ; and further that 
these substances are present in animals made immune 
against the above-named diseases. These remarkable 
conclusions acquire a still greater interest when received 
in the light of a research by Gamaleia published at the 
beginning of last year. 1 Gamaleia found that the aqueous 
humour of a sheep, about three days after inoculation with 
attenuated anthrax, acquires bactericidal properties for 
this microbe. This condition lasts for nearly a month, 
and then gradually vanishes, though, as is well known, 
the sheep remains immune for a far longer period. These 
researches, therefore, suggest, firstly, that when an 
animal has been made immune against a pathogenic 
microbe, its blood and other body fluids contain a sub¬ 
stance capable of destroying the microbe in question ; 
secondly, it follow's that such protective substances can 
remain in the body undestroyed for a considerable time ; 
and thirdly, that they can be present in such quantities as 
to be able to kill the microbes involved (even without the 
help of living cells) and yet produce no appreciable ill 
effect on the general health of the animal. If this is so, 
why should it not be possible to cure any infectious dis¬ 
ease by injecting a “lymph” obtained from the blood or 
ti ssues of an animal, previously made refractory to the 
disease in question ? 

Whether or not the above considerations stimulated 
the researches of Behring and Kitasato, their work affords 
a positive answer to this question, which promises to be 
of the greatest importance to humanity, and has led them 
to the most unexpected and interesting results from the 
scientific standpoint. The following is a summary of 
their paper, which is of the nature of a preliminary com¬ 
munication. 2 The method by which, in the first case, 
they produced immunity against tetanus and diphtheria 
is not described. Only so much of their results is com¬ 
municated as is necessary to support the following 
propositions:— 

“ The immunity of rabbits and mice against tetanus 
depends on the power possessed by the fluid part of their 
blood of rendering harmless the poisonous substances 
produced by the tetanus bacilli.” 

This proposition involves a completely new theory of 
the nature of acquired immunity. Hitherto it has been 
thought that immunity must depend either on the vora¬ 
cious activity of phagocytes, or on the above-mentioned 
bacteria-killing power of the blood, or on an acquired 
tolerance against a poison ; and, further, that by the 
method of residues, any one of these theories could be 
proved by showing the other two to be false. 

Behring, however, was able to prove, by his work on 
diphtheria, that none of these theories would account for 
the natural immunity of rats or the artificially-produced 
immunity of guinea-pigs against this disease. After dis¬ 
proving many speculations on this subject, the above¬ 
given explanation was arrived at, but they only obtained 
a satisfactory proof of its correctness when they began to 
test it on the tetanus microbe. 

Their experiments prove :— 

(1) That the blood of rabbits which have been made 
immune against tetanus can destroy the tetanus poison. 

1 “ Sur la Destruction des Microbes dans les Corps des Animaux Febrici- 
tants” (Annales de VInstitut Pastettr, 1889, p. 229). 

2 A fuller account will shortly appear in the Zeitschrift fiir Hygiene. 
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(2) This character can be shown to be possessed by 
the blood both before and after it has left the vessels, and 
in the cell-free blood-serum obtained from it. 

(3) This character is of so permanent a nature that it 
is still manifested by such serum after it has been in¬ 
jected into other animals. Consequently, by transfusion 
of such blood or serum, important therapeutic actions 
can be obtained. 

(4) This power of destroying the tetanus poison is 
absent from the blood of such animals as are not immune 
against tetanus ; and after such animals have been 
killed by the tetanus poison, it can be shown to be 
present in their blood and tissues. 

In support of these assertions the following experi¬ 
mental results are brought forward. 

A rabbit was made immune against tetanus by a 
method which will be described in a forthcoming paper 
by Kitasato in the Zeitschrift fiir Hygiene. To prove 
the completeness of its immunity, io c.c. of a virulent 
culture was injected into it. Half a cubic centimetre of 
the same culture was quite sufficient to produce tetanus 
in a normal rabbit. The treated rabbit, however, re¬ 
mained immune, and it not only showed immunity 
against the tetanus bacillus, but also against the poison 
produced by this microbe. For it remained unharmed 
by an injection of twenty times the quantity of tetanus 
poison which will kill with certainty a normal rabbit. Blood 
was taken from the carotid artery of this rabbit. Before 
clotting occurred o‘2 c.c. of this blood was injected into 
the body cavity of a mouse, and o'5 c.c. into that of 
another. Twenty-four hours later, these mice, together 
with two control-mice, were inoculated with tetanus of 
such virulence that the latter showed the symptoms of 
tetanus after 20 hours, and were dead in 36 hours. Both 
of the treated mice, on the contrary, remained healthy. 

The greater quantity of the blood of this rabbit was 
allowed to stand, and its serum collected. 

Six mice each received 2 c.c. of this serum in the 
abdominal cavity, and ail withstood a subsequent inocula¬ 
tion with tetanus. Control-mice died of tetanus within 
forty-eight hours. 

With this serum the authors succeeded in curing 
animals that had been previously infected with tetanus. 
They have also been able to show that this serum pos¬ 
sesses an intense power of destroying the tetanus-poison. 

Of a ten-days old tetanus culture which had been 
sterilized by filtering, 0 00005 c.c. was enough to kill a 
mouse after four to six days, and o'oooi would always 
produce the same result in less than two days. 

Five c.c. of the serum of a tetanus-immune rabbit was 
mixed with 1 c.c. of this filtered-culture, and kept for 
twenty-four hours. Of this mixture four mice each re¬ 
ceived 0*2 c.c. (that is to say, 0x333 of the original 
culture, or more than 300 times the quantity which would 
otherwise be capable of killing a mouse). AH these four 
mice remained in good health. Control-mice, on the 
contrary, which were at the same time inoculated with 
o'oooi c.c. of the original culture, succumbed within 
thirty-six hours. 

All the mice mentioned in each of the above series of 
experiments have been subjected to repeated injections 
with the tetanus bacilli, and have shown themselves to 
be permanently and completely immune. 
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This result is the more remarkable in that up till now, 
in spite of innumerable attempts, no one has ever suc¬ 
ceeded in making any animal whatever immune against 
tetanus. A theory of the nature of acquired immunity 
which at once led to a method of treating the disease 
which is easy to understand, harmless to the animal, and 
certain in its effect, must surely possess some basis in 
fact. 

Naturally every kind of control experiment with serum 
of normal rabbits has been carried out with uniformly 
negative results. Serum of cattle, horses, and sheep has 
also been found to have no action on the tetanus poison. 
The living blood and tissues of an animal which has 
not been made immune likewise show no power of 
destroying the tetanus poison, as appears from the 
following experiment, which has been many times 
repeated :— 

Rabbits into which o'5 c.c. of a germ-free tetanus cul¬ 
ture is injected subcutaneously, succumb after showing 
typical tetanus symptoms; almost always a serous trans¬ 
udation is to be found in the thoracic cavity. Of this 
transudation, 0-3 c.c. is on the average enough to kill a 
mouse with typical tetanus symptoms. The same is true 
for the blood. 

The authors close their paper by pointing out the pos¬ 
sibility that their method of curing tetanus and diphtheria 
which they have used with such brilliant results on 
animals so highly susceptible to these diseases as mice 
and rabbits, may also be used for the far less susceptible 
hospital patient. They also note the possible influence of 
their work on the practice of blood-transfusion. 

E. H. Hankin. 


THE STEAM-ENGINE, 

The Steant>-Engine considered as a Thermodynamic 
Engine. A Treatise on the Thermodynamic Effi¬ 
ciency of Steam-Engines, illustrated by Diagrams^ 
Tables, and Examples from Practice. By James H. 
Cotterill, M.A.,F.R.S., Professor of Applied Mechanics 
in the Royal Naval College. Second Edition, revised 
and enlarged. (London : E, and F. N. Spon, 1890.) 

N view of the general interest attaching to the recent 
improvements in steam-engines, and the consequent 
gain so remarkably illustrated by the increased speeds of 
ocean travel, an exposition from a purely scientific point 
of view' of the causes of this progress comes at a very 
opportune time. The book before us is the second edition 
of a treatise which was originally published in the year 
1877, and has since that time remained one of the 
chief authorities on the practical applications of thermo¬ 
dynamics. 

It seems to be inherent in the industrial development 
of scientific laws that the course of invention should 
occasionally lead engineers away from the principles of 
pure science on which their work is based. The minds 
of inventors often become so much occupied wdth the 
intricate and perplexing problems presented by the 
mechanical realization of their ideas, that in the speci¬ 
fications of their successful arrangements, the naked 
principles which are the common and essential part 
of all practice are sunk far beneath the surface. It 
is of no ordinary importance that means should exist 
for co-ordinating the two independent growths of know- 
NO. I 102, VOL. 43] 


ledge which are thus indicated. Probably no more 
weighty or influential calling exists for the industrial 
progress of the nation than that of the scientific engineers 
who are able to take into their view both sides of this 
field, and lead to the fertilization of each by the results of 
the other. 

The progress of the science of heat forms one of the 
most interesting chapters in scientific history, and illus¬ 
trates in a remarkable manner the way in which con¬ 
ceptions that at the time of their development appear of 
the most advanced and recondite character become the 
common elementary ideas of succeeding generations. 
The first great advance was no doubt the introduction of 
precision into the measurement of temperature by the 
invention of thermometers, and of the method of gra¬ 
duating them by first marking the fixed points on their 
scales. As Dr. Gamgee has recently pointed out, in a 
paper read before the Cambridge Philosophical Society, 
the fixed points by means of w’hich Fahrenheit graduated 
his original alcohol thermometers were hardly physical 
at all; the higher one was the temperature of the armpit 
or mouth of a healthy man, which he had observed to be 
constant. It w r as after the Fahrenheit scale had been 
fixed by this temperature and that of the best available 
frigorific solution (snow and salt) that the construction 
for the first time of a mercury thermometer gave an 
opportunity of testing the boiling-point of water, which in 
this way was found to be constant, and under standard 
conditions to be at the point marked 212 0 on the scale. 
It was not until near our own time that the possession of 
methods of thermometry, combined with the researches 
of Black and others on the transfer and latency of heat, 
led, under the influence of Davy, Mayer, and Joule (and 
also Carnot), to the recognition of heat as a form of 
energy, and made possible an exact study of its trans¬ 
formations. 

The final stage in the dynamical specification of the 
subject arrived when the very remarkable generalization 
of Carnot led, in Sir W. Thomson’s hands, to a purely 
physical definition of a temperature scale, and the experi¬ 
ments of Joule and Thomson established the very close 
approximation of this scale to that of an ordinary thermo¬ 
meter, formed with one of the more permanent gases as 
expanding substance. This temperature scale enters 
into the general entropy equation employed by Clausius 
to express mathematically the results of Carnot’s prin¬ 
ciple ; so that in this form temperature has virtually a 
definition in analytical dynamics, and is an essential 
element in any dynamical theory which attempts to ex¬ 
plain the phenomena of heat-transformation. These 
topics, treated in the simpler cases, now form a part of 
every course of physics. 

The entropy formula expresses a relation between the 
initial and final states of the system, which is independent 
of the path of transition from the one to the other, pro¬ 
vided this path be reversible. It is, therefore, to be 
classified with the fundamental dynamical investigations 
of Sir W. Rowan Hamilton, whose principal function is 
expressed in terms of the initial and final positions of the 
system, and the energy contained in it. It thus becomes 
a question of pure dynamics to inquire whether the 
entropy relation may be postulated as a general property 
of all motions, or whether its truth is constituted by the 
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